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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nitride semiconductor element 
capable of having an effective reflecting mirror to be an excellent 
resonator on a surface light emitting laser also improving the . 
photo-detecting efficiency of the light emitting element, by effectively 
reflecting the leakage light mainly on the substrate side in an LED. 
SOLUTION- This nitride semiconductor element is structured of the tirst 
nitride semiconductor layer 2 grown on a dissimilar substrate 1 so as to 
form irregularities thereon exposing the sides thereof having the first 
protective films 3 on the upper plane of the projection, while the second 
protective film 4 on the under plane of the recession on the second 
nitride semiconductor layer 5 developing less crystal defects than the 
first nitride semiconductor layer 2 grown from the sides of the 
irregularities. In such a constitution, at least one out of the first and 
second protective films 3 and 4 fills the role of a reflecting mirror made 
of a dielectric multilayer. 
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y^l^^^^^LTV^J^,^ iiT^^^S L< . tfz (111) 

(110) ffiH^^UrSii:?^;?^ Vy^-fW^ik 
^mLX\^^hZtmi-tL^^^o ci^TMi. ISiSS^Tii^T. h 

"^y r ^ T(DAMRlfRM. 7s\£^^)i^(D (110) Etc 

^ 1 oeftt!^««^2 ^01H!JM^^'?f^^^^^^ J: ^ tc^ 1 CO 

[0 0 4 5] *|&?gtCfflv^(bfL^^a^«Uov^TllS: 
filii^^^-f^-'^ h-fc:;uiglT**^o S<b?^#2S^^tiiE5i 

i'r^^^<oyomzis\^^x. cffi^r^E^-t^-^ 
yr^r^m^^. %mmt^y T 4 r Km\z%iLxmw. 
tjiTsVy^-ymtt-fhm^^z^^^xmmirho 
tf. m^\t^Mm<o^yT^r&m.(o^Mmxikho - 

•7^^;'h (:^-'J •7-7) E^Affi^ UTv^^o -Olltc^ 
^tZ. -*t-7r TCffi±UMfb1&¥2S'»*Sl^^ft^-^ 

fzm^. afb»*»**iMrt"C(i AMu?4- L■r¥^f 

i^o-cA®nitL'CfiE^^:^fS]-c;^ h^-r -/^rlS 
tt-^)^. X h^-fyiiT. hT-^yorp^o^fbtef^w^^^T&f 

o;Sr^foT^fiL^'t< 4^19^ [U 2 -HI 5 Lfj J: ^ 

[0 0 4 6] >k\iZ^ hm^k^mt-fh^y r ^r^mi: 
h ^ -/^^-^^pwznLxmm^mm^^^ l^i-v^m 

[0 0 4 7] ttz^k^Z. Xkf^^;V (MgAl20.) 

L-ct. Mfbi&^2f<$<7)0cRii^:^S7!^^*»). gfb^fe* 

zg^*^<7)^:gMSr (111) ffiiiL. t')yymi: (1 1 
0) ffi^-r^^. M<b«&4^««^li (1 1 0) ®U*^LT 

50 0) ffiu^tLTfiii::^f^i^^ H^^y^ff^^-r^ts^b 
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ii X t: Owning :^b^bT-* -?> /cJ6#l-Il^ L T >5: v/^o 

[0 0 4 8] >Xi^. ^3ni:mx'nhixfz^2<omim 

10 0 4 9] *:||^<?)efb!^*j»#:«?-1«jtt'5:'J>^<k 

VPE (^«t^«^ffifiE^ft) , HVPE 

ffifiScftft) . MBE (^^«t^ei'^->-S) > MOC 

VD (*«^j^^t^«ffi^ftft) mim^mi^in^ 

t Lv^fiS;ft:/JfeJ±, M0CVDffi-C*t5, ^SB^a*^^^v^ 
[0 0 5 0] 

mmmi] nmrnn^a^f^S-it^^Mi^^^ (^2 
(om.it'&^Mi^^^) <r>mm.<r>^x^'km2-m5i:m 

MOCVD&^fflv^r=ffo/cc 5u?#'bnfce^kW 
[0 0 5 1 ] (m2<oe.im^mi^m5=mim^i^i^ 

[0 0 5 2] >'< y VT^SrHKftf*, TMGC0<^jh«:>T, 50 
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jajSi- 1 0 5 0'Ci-e±#^-ii:*o 1 0 5 O'CU'Srof^ 

v\ 7> K-7'COG a N i •} 1 <7)Sfk%l^2f#^ 

2 ^- 2 // mCOlSIST-^ft^-tir-J. (H 2 ) o 
[0 0 5 3] ^1 (Oe^kft^^m^ 2 
^'^Bi::J:'9> S i O2 i: S i N t ^r^-lPIP*^ A /'4 
nt^r-SiTl-ScEl^l Ol=fJf^ffiL> SglO«|gM3 t 

Lxmrni^^mmif^^-r^o ^Kow&msmm^^ 

Slf^ LT. 7. h 9 -T T**! 1 5 m. X h 7 'f ^Fa^H 3 /i 
m<D (S i O2/S i N) x o H ^ ^J: i> m I <r>^t^m 3 i 
1 fi mCOKiy-CBBKi-^o ^v^-C. R I Emm.izx *) » 

1 (D^mm3mm^tix^^^j:y'^u»<^mi<r>&it<^^ 

m't^m 2^'^^t.X:L-j^yy UT» 1 (Ogffc!K;*«# 
n^^^h (US) o 'tis, ;^ h9^7':^|6]l±, I181C 

[0 0 5 4] ^\<r>mm^-^^m2\,z^ ^A(r>x^\z 

!t^ijiig^2 OSMl^v ^\<r>WS3.3iiWM\z. SiO 
2i:S i Nt56^(b'5:'&ifm##^l^«r^fiKL', CF^i;0 

j:,.;,^^^--^^^ ttcj; 1), (S i O2/S i N) io<0 
[0 0 5 5] |^l<7?«SK3RZ/»2<7)(S|il^4^J^fi£ 

RSS^tfi*!'^-^-;' h sas^r 1 0 5 O'er-, WJ^ 

- 7-0 G a N i t) 'S: -S. ^ 2 Wgfb!BJ#i»«^^ 5 Sr 3 0 
mcoBiIpT-fiS;ft^-ti--i) (ll4S,t>'l2 5) o 
[0 0 5 6] ^ 2 OSffcl**^*^® 5 SrfiERt^. -fi- 

^^*g:^^:•#fff*^'b^)^')tbL, r> k-^g aNJ: o^-s 
[0 0 5 7] {'^c%%<r>^\\M^^vm^<r)m}&n) - 
3 s. 2 (7)1^.118^4 «-©B£-^-r, ±fssjji:^fttiwnt 

7 T r 1 i.^Zf< y 7 T ^ SrfiKft ^Hir/'-f^x 
C0±t-^ 1 cog^kl^^^jf 2 3 0 /. mWl^Ip-CffM 

[0 0 5 8] i - •C±ffiiait $ 2 (Tjgit^^^jffl^ 

^5 (fi^t?&4^»<*»«5) . wmmmm^"^^ 

-^-h.-^i^ 1 0 X 1 5 /< mO?BBaSrffi^i::9M 
i-y^e-y K0ffl^:^Sl4, t-f±K<r)-E-it^ii-<^Ga 
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^2$^&m^j^ 5X10' my c -c*> o . jrt^je^T^gfbw 
[0 0 5 9] (mj-mmmm) ^^tc. ±f£i#(bn/::M 

fb?&^«#»£5Jitl. S i ^ 1 X 1 0' Vcm' K-7° 
LtzTiMA \ o.zG zo.sNX^^j:i>mi<om. 20^> 
^•7. hn-A^. T>K-y (undope) OGaNJ:*9=^ 
^?S20^. 2 0 ^ h n-A t ^^Sm 0 0^ 

Lr^^«g:^/P0. 4 // m60@t&7-1fiSOnfflO^^ 
-y 1 1 i'Rmirho nfflij^^-y 1 1 
tc-r>5> ^ ^ ^ O^Srv^fSB^attO^V/^^^ 'j T gfl M.^^ 

[0 0 6 0] WM20ir>^:^ hn-AO#-l: 

^#pfiliicOI no. I G ao.9N J: *5 ^'£>fStt^ 1 2^ IK 
/pO. 3 m^OMg t 1 X 1 0'° K-T'A 1 0. 2 G ao.8 
NJ:*)^^pffiiJ^7 7 KSl 3^ IKffO. 5/im<7?Mg 
1 X 1 0'° K-'/G a N J: 0 pffl^J 1 

1 - nigijn ^ h« 1 4ffiftt^. ^^y^^^^EJB^^i)^ 

hWL^\hi.x. ^^#H^*-e7 0 orr-r::^-'; 

Vm 1 1 ^SM'^Uffi^-^'C. T i /A I <t ^-2) 
ffil74:0. 5/. m<^m/p:T-?l^^L. -:^pffl=i>'^^ 
h^0(it^^Ml^tiiS*140N i /A u J: »9 p^S 

Ti^ib nm® 1 7 ^ pm® 1 5 t^t^iffzm^t-tho S 

m-< Lfz^ik. mmmmi^^^y^yLxs 5 o/^m^o 

^y-fiZ^^LXLEDm^t-f^o 
[0 0 6,1 ] #*bn7L-LED.«T-(±. *§B^H^^fi1^0::^^^v^ 

nfzi>(D\,ZkmLX. lhti:f)'l, SfSJ^Ji. gmitS^> 

/Co 

[0 0 6 21 [iij£W2] J^T. msi,zm^ti^^^m 
^m^f^mmm^m^'xmmM 2 ^riaTUT^t-o 

[0 0 6 3] 1 (tragic LT. ^^-7 7 r J: ^ 

K-:/GaN<l:t)^^^10gft%/¥S^^^2, ^^rR 

^^m^j:mmi^^mm^ ^^^^m i <omM% 3 2 
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[0 0 6 4] ±mMf&^titzmim^mimm5 ±^z. 

S i K-yni2GaNJ:'9^^nfi)n>^^ h^2 l^r 

[0 0 6 5] 4 0^>^^*:^ vu-M.<DT> K-":^ 

I no.osG ao.ssNJ: 4 0:^->^*^ 

-A07>K-7"I no.2Gao.8Ni: »)?Sr^#P^tS: 

10 ho-AO#^Sfl:^-#P«iS (MQW) OfSttl 

. 2 3 4-^:S^-^'5)o Cl^T-±|SJ:'9UnffliJn>^^ 
±tCT£ttlt^ft^-^:^c7!'^ ^^t^i:oTtiniaiJn>^^ 

yA lo.isGao.esN^^. 2 5 t > ^ 7. h ^ - S 
i K-yGaN^ii^^HUft^L-r. fe^MffO. 4/. 

[0 0 6 6]^>:ti> '>ji-^N=tS:^&#t?55i-'b?X>9mL. 

fl^^^-f'^.o ilL. '?-c0-7>;^of4a(±mrfS^2O«SgK 
5J:»9fc/h^<. -eo^2<7)ffi^]R5co*±U^^ J;^ 

?FML;^c;6^ *iF^tcJ:oT(ifS14^±(^pffliJ:^^^^;' 

30 K® ^ LTti#UPI^?n;iv^;!>^ W^l^> 2 5:^>^' 
X h n- A£7)T > K-7'A 1 0. 15 G ao. 85 25 

Lx.mMmo. 4/jim(om^'f'mxy)fj:^pm^y'y 

[0 0 6 7] S i O2 <i: ^} ^ >S) ^?fjffi?^. 

2 3 (OSffiti S i K-7'ni!A 1 0. 1 G a 
o.9l^X^^j:^mWim±m2 6i0. 4/.m(7)IKff-C?g 
^-r'2>o ^i5^<7)mffiPIitS2 6liZ n. CdO<t-9^ 

J:v>L, tfz^yy K^4'l£tt^^*^*iA I rlB^aib^^ 
V 7 K^J: »5 i;^^ < LT^gte^)L^• i iS A 1 G a N ^r?f^ 
i&-t:hZt i>X^i>o 

[0 0 6 8] m,m^±m2 emj&'ik. ^ :^-^^^rjz^^ 
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t*i3V^-t, 't<OW.'<M.m.ltm 2 6<0JiUMg K-7" pMG 
a H X 'O ^£ 7o p m=> > i' 2 5 4-ffift^-ti:*o 

[ 0 0 6 9] J^tL'it^-Tt^, T--'J VJ^^'^-ItV^P^^t^ 
(bllffijmfbU^ HJfet^U 1 t [B] U < , -x-;'-^>i>'m: •) 
n«3 2(7)-a^ffiai$Hi:. SffiL/^nlRlJ 

n V 5- M 2 2 ICT i /A 1 i •) ^-S nmS2 8 
^■ti>-1j. pffln >'3'^' h^fOSMt^N i /A u J: •) 
>5r^ pmffi2 7 ^ffML/^f*, ^i-zN^r-f-^yU^SII 

a V Mas R Wit t ^ 1^ 2 <0 «iSSi 5 4: * L T v» 
-& <o -c A» RMil**^ ^ ti- * o ^ o J; d RWII^^rS 

^LX. ^#^bi^;t®l^*^-^fli. 4 1 0 nmOU-^' 

[0 0 7 0] mmmsi ^mfHnzid\.^x. ^S:^-^ 
fiELT^ 1 nmit^^mi^m 2 cosset sm^-iir/cti^, 
«i|B]^«uLr, ^ 2 <7)fi^l:t/#2g*^S 5 ofi<bt/#^*J^ 

[0 0 7 1] [^ifepiJ4] ^JfeUiJi t;^v>r, 

[0 0 7 2] 

{^^<D%^] ^l&^l±x lifm'i.-^-f v^PfiKfttli 
ifa^CPil "T^i^ir w > ai «r ffM L > M 1; V 7^ 7 

ft^t Lx ^<n±.\zm^m^im^-f z>m.it%i}^^^^ 
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[Ilffi<0ffl#iil5iB^] 

[Ell] Illlli. 3|>:|ga^(zi3tt^itR^lt^tg4-^1--J.« 

[112] m2\t. if^m\zi=\'f iy^im^^^&^ssLoW: 
^-yjmni^xm~ii^-'xnhixz>m.itm^m^t; s.-'-^ 

10 [US] us (i. ifi^m^zis\ii>m.im^m^&^(^^ 
^-)^^<r>^iLm^ii^^x%hixhmm^^^'^ ^-'^ 

[114] Iil4ti, ;*:%^H*}lt-&gibife*jS#:*«<^»i 

M:fjm<r>^iLmizia\,^xwibitz,mm^i$i^'y ^-^^ 
(om^'SrTf^-rm^i^isimmx'^io 

[117] I17(i, •tf7 7-<T<0®;^{i?r^i-^--v h-b 

[US] ii8i±, ^mm<r>7.Y-9^-yij}pi'i:WLm-ri>tz 

ify(r>m^±MM(r>W^Mmx-$)Z>o 
[HQ] 1119(4, *l&^lCi3lt-6*EW-«tg^*i"'5>^ 



30 [t^f-^Wl5i^] 
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